Abstract. The paper considers the research results of natural gas (NG) hydrate formation process in systems consisting of paraffin oil and distilled water at various ratios. Thermobaric conditions of hydrates phase transitions in water-oil emulsions were determined by the method of high-pressure differential scanning calorimetry (DSC). It was ascertained that the equilibrium curve in systems under study, compared to the process of hydrate formation of this gas in distilled water, is shifted in the area of low pressures and high temperatures. According to DSC analysis results and volume analysis, it was determined that with increase of the water content in emulsions by more than 40 % of mass, the degree of water conversion into hydrate in emulsions decreases. It was concluded that the degree of water conversion into hydrate in emulsions can be used as an index of its stability.
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Introduction.
Hydrocarbon gas hydrates are solid compounds in which gas molecules are incorporated in cavities of ice-like structure formed by water molecules by means of hydrogen bonds. Formation of associated gas hydrates in oil wells is the urgent issue at fields development of the Extreme North, as well as Western and Eastern Siberia. The lifted well production fluid is a multiphase mixture comprising associated gas, oil and water (fresh or low-mineralized), in this case oil and water form water-oil emulsions. At appropriate pressures, low formation temperatures and severe climate of these areas create favorable conditions for hydrate formation in these emulsions, as a result, the hydraulic resistance increases in wells, flowlines, and main oil pipelines, and their throughput capacity reduces due to choking by hydrate plugs. [1] [2] [3] [4] [5] [6] [7] [8] The model of hydrate plugs formation in such system was proposed by Turner et al. 8 ( Figure 1 ), the mechanism is described by means of 4 processes: water emulsification with oil as a result of their turbulent mixing; hydrate nucleation at the water-oil interphase boundary with the formation of a hydration shell; hydrate particles agglomeration due to capillary attraction forces and the increase of hydrate slurry viscosity; and sedimentation of large hydrate agglomerates on equipment walls with the formation of hydrate plug. A more detailed mechanism developed on the basis of this model is described in ref. 9 . It should be noted that the range of hydrates thermodynamic stability also covers positive temperatures (Celsius). Hence, at moderate pressures, the natural gases hydrates exist up to plus 20-25°C. 10 Thus, gas hydrates formation significantly complicates the processes of production, transportation, storage and treatment of oil. Analysis of the literature regarding this issue has shown that, both abroad 9, [11] [12] [13] [14] [15] and in Russia, 16, 17 the majority of conducted experimental DSC studies of hydrate formation in water-oil emulsions refer to the study of methane hydrate formation, and hydrate formation of complex gas mixtures in oil/water systems was not considered actually.
Thus, in this paper, we present our first findings on the formation of natural gas hydrates (NGH) in paraffin oil-water emulsions of Irelyakh gas and oil field (GOF). This work is the extension of the research regarding the matter of NG hydrate formation in different systems. 18, 19 Results and Discussion Figure 2 and Table 1 20, 21 it is shown, that the DSC method can be used for studying water-oil emulsions, and, by the form of exothermic effects, we can judge about dispersion ability of the freezing phase. Thus, the asymmetric exothermic peak with the sharp start and extended end is typical for continuous phase ascertained that the greater the asymmetry of DSC exothermic peak is, the greater is the tendency of hydrate particles to agglomerate within the studied water-oil emulsion. The maximum exothermic peak asymmetry indicates the least stable emulsion, and vice versa. In our case, the largest asymmetry of freezing peaks is observed in samples No. 1 and No. 2, and these samples are characterized by the highest degree of water conversion into hydrate, which amounts up to ~70 % of mass (Table 1) (Table 1) , the degree of water conversion into hydrate decreases, and the stability of these emulsions increases. These results are well correlated with works [23] [24] [25] wherein it is shown that the most resistant water-oil emulsions are "chocolate mousse" type emulsions with the water content of about 80-85%. Stability of these emulsions is explained by the presence of gel-emulsion specific structure, which is formed when the water content in the initial water-oil mixture exceeds ~40%. Thus, the study of NGH formation/decomposition processes in paraffin Oil/H 2 O systems by DSC method has shown that, in those systems, the degree of water conversion into hydrate is within the range of 29-70% against 2.3% hydrate formation rate in distilled water. 18 If melting endotherms of all studied samples are the same (there are melting peaks of ice and hydrates on all endotherms), then crystallization exotherms reflect the mechanism of continuous phase freezing, and the geometry of curves indicates the emulsion stability. Probably, the degree of water conversion into hydrate can also be an index of water-oil emulsion stability, since with the increase of water content by more than 40% of mass the degree of water conversion into hydrate reduces, and the emulsion stability increases.
The next step of work was the study of NGH formation/decomposition in Oil/H 2 O systems in the high-pressure reactor. Figure 3 shows the experimental results on formation (a) and decomposition (b) of NG hydrates in the systems above. The results of decomposition analysis are presented in Figure 3b and in Table 2 . Table 2 shows that the hydrate synthesized in the Oil/H 2 O sample with 80/20 components ratio has the lowest gas content, therefore the degree of water conversion into hydrate, in this case, is the lowest and does not exceed 3%. The highest amount of escaped gas is detected for the Oil/H 2 O sample with 60/40 components ratio -the degree of water conversion into hydrate is 57%, which gradually decreases and reaches 9% when water content increases up to 80% of mass in the sample. Since the hydrate formation process depends on distribution and size of water drops in samples, we carried out the studies of parameters of drops in emulsions. Micro-photographs (Figure 4) show the studied samples before (a) synthesis and after (b) decomposition of hydrates. It is seen that the hydrate formation entails the enlargement of water drops in the samples, apparently it is related to agglomeration of hydrate particles. This fact agrees with works 19 and 26 where, respectively, drop sizes were studied in the systems of asphaltresin-paraffin sediments (ARPS) and water before synthesis and after decomposition of utilized NG hydrates, as well as in water-oil emulsions before synthesis and after decomposition of methane hydrate. Quantitative analysis of obtained micro-photographs allowed the ascertainment that distribution of water drops in all samples before hydrate synthesis has polydisperse nature, and the drop size varies from 8 up to 35 µm (Figure 5a) , except for the sample with the Oil/H 2 O component ratio of 60/40, for which the peak of water distribution by volume falls on drops of 27 µm in diameter, for the rest of samples, it falls on drops with diameter of 23 µm. During hydrates decomposition, the peak is displaced toward the drops with a larger diameter (Figure 5b) . For Oil/H 2 O sample with a component ratio 40/60 the maximum of water distribution falls on drops with the diameter of 33 µm, and 35 µm for the rest of samples. Based on the size and amount of dispersed water drops in samples, their specific surface areas were calculated (m 2 /g) and graphs of their dependence on the gas content in samples ( Figure 5c ) were plotted according to hydrate decomposition data obtained as a result of DSC-analysis and volumetric analysis in reactor chambers. It is apparent that the dependencies revealed according to two methods have similar nature. With reduction of the water content in samples with 80 to 40% of mass (points 1-3), the specific surface area of drops increases which leads to an increase of hydrate gas content in emulsions. In Oil/H 2 O sample with component ratio of 80/20 (point 4), notwithstanding that drops in the emulsion have the largest specific surface area, the gas content decreases, and even has a minimum value according to volumetric analysis results. The obtained data can be explained by the fact that this sample, in comparison with other ones, contains the minimum amount of water, i.e. 20% of mass, which has the effect on its lower gas content. Thus, increase in the water content in samples entails decrease in the specific surface area of drops in emulsions, and the dependence of sample gas content on specific area of drops has the nonlinear nature, and according to results of two methods: DSC and volumetric analysis, the maximum of this curve falls on sample 60/40 Oil to H 2 O ratio. The experimental data obtained in this work was correlated with the equilibrium conditions of used NG hydrate formation, that were calculated by the procedure elaborated by E. Dendy Sloan ( Figure 6 ). 27 As a comparison, the figure shows the results of the study of this NG hydrate formation in systems based on distilled water (points 1-4) and in systems that consist of paraffin and water (points [13] [14] [15] [16] [17] [18] , that were published in ref.
18 and 19 respectively. It is shown in these studies that the calculated and experimental data on equilibrium conditions of NG hydrate formation with the specified composition are well correlated, 18 and, in systems consisting of paraffin ARPS and water, the curve of hydrate formation equilibrium conditions is shifted to the area of high pressures and low temperatures. According to the experimental data (points 5-12) it is possible to emphasize the thermobaric area of NG hydrates existence in paraffin
Oil/H 2 O systems. It is obvious that the hydrate formation curve in systems under study is displaced to the area of low pressures and high temperatures.
Therefore, hydrate formation in the emulsions of paraffin oils compared to this process in the bulk water (curve A) and in ARPS/H 2 O system (curve C), does not require high pressures, and, other things being equal, leads to the preferred hydrate formation.
Experimental
As a model of associated oil hydrating gas, we used the natural gas of Srednevilyuiskoe gas condensate field (GCF) with high methane content (92.9 % of vol.).
18
Targets of the research were hydrates of this gas, synthesized in oil systems of Irelyakh gas and oil field (GOF) -oil composition is given in ref. 
